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ABSTRACT: The present article examines the stability of

a thin layer of a viscous liquid held by forces of surface ten-
sion on the surface of an infinite rotating cylinder. We show
that the cylindrical figure of the liquid layer is unstable under
rotation, no matter how slow the latter is, with respect to
long-wave annular axisymmetric disturbances.

" In an undisturbed motion of the film, only the azimuthal component of the
velocity is nonzero (rotation of a solid):
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Here, © is the angular velocity of itotation of the cylinder (directed along the axis
of the cylinder, i.e., the z-axis), P is the pressure, R is the radius of the solid
cylinder, h is the thickness of the film, and « is surface tension.

Suppose that the perturbations of the free surface of the film hf(z, t) and
of the flow are axisymmetric:
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Let us consider Navier-Stokes equatidns linearized with respect to the per-
turbation and the continuity
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The boundary conditions a;'re the following:
Forr=R, '
) uizy‘= W=0 ) (5)

On the free surface,
f
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The stress tensor LN and the unit vector n, are taken in a cylindrical coordinate -

system [1].

Here, n, = 0 by virtue of the axial symmetry of the perturbation and n =

= ~hdf/dz is of the same order as the pertubation. The expression for the prin-
cipal radii of curvature is also linearized with respect to the perturbation:
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Keeping this in mind, we obtain the boundary conditions on the free surface
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In the case of a thin film, we set h/R <€ 1 and we introduce the new variable
| r=2R+hs_ (9)
Then, '
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Treating h/R as a small parameter, let us expand (3)-(8) with respect to it.
As a zeroth approximation, we obtain, after elimination of pressure p and w(r),
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Let us look at long-wave perturbations. If we set

Gh* Qh2
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expand the solution in terms of the small parameters k&, Qi? /v, oi? /v, and con-
fine ourselves to the principal terms of the expansion, we obtain from (11)
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. When we substitute u(x) into the bouhdary conditions (11), we obtain for o
the secular equation
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From this we obtain
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' Thus, a cylindrical film is unstable with respect to perturbations with wave
number
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